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Abstract
A ratio - first order derivative - zero crossing UV-Visible (UV-Vis) spectrophotometric method
has been developed for the simultaneous determination of amoxicillin (Amox), levofloxacin
(Levo) and lansoprazole (Lanso). The method was validated for the mixtures of Amox, Levo and
Lanso in the standard solutions and pharmaceutical tablets. Amox, Levo and Lanso solutions
prepared in MeOH:H2O (50:50 v/v) solvent mixture were used in the measurements. The
calibration graphs were prepared at the wavelengths of 248.9, 219.4 and 262.8 nm, respectively,
which were determined as the zero crossing points of the ratio – first order derivative spectra of
them. The calibration curves were optimized linearly between the concentrations of 1.22 - 15.0
mg/L for Lanso, 0.95 - 20.0 mg/L for Levo and 3.42 - 40 mg/L for Amox together with the
correlation coefficients (R2) 0.9996, 0.9993 and 0.9987, respectively. The limits of detection
(LODs) of the improved method were  1.03 mg/L concentration, and the limits of quantification
(LOQs) were  3.42 mg/L. The proposed ratio- first order derivative zero-crossing method was
validated with good accuracies as the recoveries of 100.0%, 102.5% and 99.2% and with high
precisions as the RSDs % of 1.37, 2.04 and 2.64 for Amox, Levo and Lanso, respectively. It was
shown that the Amox, Levo and Lanso can be determined simultaneously without any separation
in pharmaceutical mixture formulations.

Keywords: Amoxicillin, Levofloxacin, Lansoprazole, Ratio – first order derivative – zero crossing.
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Introduction

In present work, simultaneous analysis of
amoxicillin (Amox), levofloxacin (Levo) and
lansoprazole (Lanso) ternary drug mixtures was
studied. Amox is one of antibiotics of penicillin
group [1, 2]. Its chemical name is (2S, 5R, 6R)
[[(2R)-2-amino-2 (4-hydoxyphenyl)acetyl]amino]-
3,3-dimethyl-7-oxo-4-thia-1-azabiccyclo [3.2.0]
heptanes-2-carboxyic acid [3]. The molecular
formula of Amox is shown in Fig. 1a. It is used
for the infections by penicillin-sensitive gram-
positive bacteria and some gram-negative bacteria
[2]. Levo is a synthetic broad spectrum antibiotic,
which is taken orally. It is included in
fluoroquinolone antibiotics [4]. Levo is named

systematically as (-)-(S)-9-fluoro-2,3-dihydro-3-
methyl-10-(4-methyl-1-pipe-razinyl)-7oxo-7H-
pyrido [1,2,3-de]- 1, 4-benzoxazine-6-carboxylic
acid hemihydrate [5]. The formula of Levo is
demonstrated in Fig. 1b [6]. It is effective for
gram-positive and gram-negative bacteria and
inhibits DNA gyrase [4]. It is used in case of
respiratory, skin or soft tissues, and urinary system
infections [6, 7]. Lanso is one of acid pump
inhibitor agents. It acts to acid secretion
mechanism in parietal cells. The chemical name of
Lanso is (2-[[[3-Methyl-4-(2,2,2-trifluoroethoxy)-
2- pyridyl]methyl]sulfinyl]-lH-benzimidazole) [8].
Its molecular structure is given in Fig.1c. Lanso
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helps to decrease the acid in stomach and to
prevent the stomach affected by ulcer [9]. In the
treatment of gastric ulcers, Lanso is used together
with some antibiotics such as Amox and
clarithromycin [8]. Therefore, the simultaneous
determination method of Lanso together with
antibiotics is important.

Figure 1. Chemical structures of a) Amoxicillin, b) Levofloxacin
and c) Lansoprazole

UV-Vis absorption spectrophotometry
[10–15], spectrofluorimetry [16, 17], HPLC
[18–22], thin-layer chromatography (TLC) [23],
electrochemical [24–29] and LC-MS/MS [30]
methods have been used for the determination of
Amox, Levo and Lanso. Among these methods,
UV-Vis absorption spectrophotometry is a
widespread used analytical method and UV-Vis
spectrophotometers are available basic instrument
in every analytical laboratory. Different techniques
can be used with UV-Vis spectrophotometry. First
order derivative, second order derivative and ratio
– derivative – zero crossing methods can be
applied to binary or ternary mixtures of
pharmaceuticals [3–33].

In the present work, a ratio – first order
derivative – zero crossing UV-Vis spectrophot-
ometric method was applied well to determine the
ternary mixtures of Amox, Levo and Lanso. The
method is based on the successive derivative of
ratio spectra in two successive steps. Firstly, the
absorption spectra of the ternary mixtures were
divided by the standard spectrum of one
component to obtain the ratio spectrum. Then, the
first order derivative of the ratio spectra was taken
and the calibration curve is formed at the zero
crossing points of the other component. By using a
second divisor, all the components of ternary

mixtures can be determined similarly. A
simultaneous UV-Vis absorption spectrophoto-
metric method for the combination of Amox, Levo
and Lanso has not been found in the literature
which we can reach, although there are UV-Vis
methods for the combinations of them with other
drugs. The novelty of study is the developing the
UV-vis. absorption spectrophotometric method for
the combination of Amox, Levo and Lanso.
Hence, a ratio- first order derivative - zero
crossing UV-Vis spectrophotometric method has
been developed to determine simultaneously the
ternary mixtures of Amox, Levo and Lanso drug
agents in pharmaceutical tablets. The validated
method can be applied without any previous
separation. After the optimization of the
calibration curves of them, their ternary mixtures
were analyzed.

Materials and Methods
Materials

Amox trihydrate, Levo hemihydrate and
Lanso were purchased from Neutec
Pharmaceuticals (Sakarya, Turkey). They were
used for the standard calibration solutions. In the
validation measurements, Largopen including
1176.47 mg Amox trihydrate or 1000 mg Amox
was used. It was produced by Bilim
Pharmaceuticals Company (Tekirdag, Turkey).
Levo measurements were done by using Tavanic
drug tablets which are produced by Sanofi Aventis
Limited Company (Istanbul, Turkey). One
Tavanic tablet contains 512.6 mg Levo
hemihydrate. It is equivalent to 500 mg Levo. For
the validation measurements of Lanso, Lansor
pharmaceutical tablets were used. Lansor is
produced by Sanovel Company (Istanbul, Turkey).
Each Lansor tablet includes 30 mg active Lanso
agent. The other chemicals were in analytical
grade. In the preparation of the solutions, ultra-
pure water (18.2 MΩ) and high purity methanol 
solvents were used.

Instrument

In UV-Vis absorption measurements, a
Shimadzu 2600 model UV-Vis Spectrophoto-
meter (Japan) was used. The UV-Vis Spectro-
photometer has double beam system with 1.0 cm
path lengths. In the measurements, 1.0 cm-path
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length quartz cells were used. All the spectra were
recorded at the wavelengths of 200 - 400 nm with
the resolution of 0.1 nm.

Zero order spectra UV-Vis absorption spectra

The standard solutions of Amox, Levo and
Lanso were prepared separately in MeOH:H2O
(50:50 v/v) solvent mixture. The Amox standard
solutions were prepared at the concentrations of
15, 20, 25, 30, 35 and 40 mg/L. The Lanso
calibration solutions were at the concentrations of
2.5, 5.0, 7.5, 10.0, 12.5 and 15.0 mg/L and the
Levo solutions were at the concentrations of 7.5,
10.0, 12.5, 15.0, 17.5 and 20.0 mg/L. The serial
calibration solutions were named as Amox1,
Amox2, … Amox6; Lanso1, Lanso2, …. Lanso6,
and Levo1, Levo2, … Levo6 as the increasing
concentrations of them (Amox1-6: 15, 20, 25, 30,
35 and 40 mg/L; Lanso1-6: 2.5, 5.0, 7.5, 10.0, 12.5
and 15.0 mg/L; Levo1-6 7.5, 10.0, 12.5, 15.0, 17.5
and 20.0 mg/L). The UV-Vis spectra of these
prepared standard solutions were measured
separately in the range of 200-400 nm
wavelengths.

Ratio - first order derivative - zero crossing UV-
Vis absorption spectra

To obtain the calibration curves for each
of the ratio spectra were obtained by dividing the
zero order spectra of two components to the zero
order spectrum of third component. The spectra of
Amox1-6 (15 – 40 mg/L) and Lanso1-6 (2.5 –
15.0 mg/L) standard solutions were divided by
Levo6 (20.0 mg/L) and they were assigned as 1)
Amox1-6/Levo6 and Lanso1-6/Levo6. Next, the
spectra of Lanso1-6 (2.5 – 15.0 mg/L) and Levo1-
6 (7.5 - 20.0 mg/L) standard solutions were
divided by Amox6 (40 mg/L) as second divisor
and these group was assigned as 2) Lanso1-
6/Amox6 and Levo1-6/Amox6. Then, the first
order derivatives of the ratio spectra were taken by
selecting Δλ: 10.0 nm and scaling factor: 1. The 
zero crossing points of one component in the
obtained spectra were determined.

Calibration curves

After the ratio – first order derivative
spectra was obtained, the zero crossing points of

one component on the ratio – first order derivative
spectra were selected for the calibration curves of
Amox, Levo and Lanso at the wavelengths of
248.9, 262.8 and 219.4 nm, respectively. The
calibration curves were obtained for Amox, Levo
and Lanso at previously determined concentrations
which are 15, 20, 25, 30, 35 and 40 mg/L for
Amox, 2.5, 5.0, 7.5, 10.0, 12.5 and 15.0 mg/L for
Lanso 7.5, 10.0, 12.5, 15.0, 17.5 and 20.0 mg/L.
for Levo.

Validation

For the validation of the proposed ratio –
first order derivative - zero crossing UV-Vis
spectrophotometric method, the accuracy as
recovery% and the precision as percent relative
standard deviation (RSD%) experiments were
conducted in the ternary mixtures. Eighteen
synthetic ternary mixture solutions of Amox, Levo
and Lanso were prepared. The concentrations of
them are in the range of the concentrations of the
calibration standard solutions. The UV-Vis
absorption spectra were recorded by changing the
concentrations of Amox, Levo and Lanso in their
ternary mixtures. From the obtained spectra, the
percent recoveries and percent relative standard
deviations (RSD%) were calculated as the
accuracy and precision of the proposed method.

Analysis of pharmaceutical tablets

The pharmaceutical tablets were weighted
and powdered with mortar. Largopen
pharmaceutical tablets were dissolved in 500 mL
MeOH:H2O (50:50v/v). One Largopen tablet
contains 1000 mg Amox. Lansor tablets for Lanso
agent were dissolved in 250 mL MeOH. Each
Lansor tablet has 30 mg Lanso drug agent.
Tavanic tablets for Levo were dissolved in 250 mL
MeOH:H2O (50:50v/v). One Tavanic tablet
includes 500 mg Levo. Through the dissolution
processes of pharmaceutical tablets, the
undissolved solid particles were filtered with 0.2
µm membrane filter in a vacuum filter system.
Then, six ternary mixture solutions including 25
mg/L Amox, 7.5 mg/L Lanso and 12.5 mg/L
Lanso were prepared. Their UV-Vis spectra were
measured and their concentrations were calculated
using the calibration curves of them.



Pak. J. Anal. Environ. Chem. Vol. 21, No. 1 (2020) 37

Results and Discussion
Zero order UV-Vis absorption spectra

The zero order spectra of Amox, Levo and
Lanso drug reagents in H2O: MeOH (50:50 v/v)
solvent mixture were measured separately. The
obtained spectra of Amox, Levo and Lanso at the
different standard calibration concentrations are
given in Fig. 2. It can be seen from the spectra that
the maximum absorption bands of Amox were
observed at the wavelengths of 205, 231 and 274
nm. The maximum absorption bands of Levo were
seen at the wavelengths of 228, 258, 292 and 330
nm. For the Lanso, the maximum bands were at
the wavelengths of 205 and 286 nm. The
absorption bands of all of Amox, Levo and Lanso
overlapped at the wavelengths below 292 nm.
Levo and Lanso absorption bands overlapped at
wavelengths below 314 nm Levo can be
determined independently from the others at the
wavelengths of about 315-345 nm, if it is
calibrated. Levo and Lanso can be determined in
their binary mixtures between 290 and 370 nm
wavelengths. However, in any case, the absorption
bands of Amox overlap with the other two
components. Therefore, the determination of
Amox requires the applications of chemometric or
graphical methods to resolve the spectra and to
calculate the individual concentrations of the
components. One of the ternary mixture methods
is ratio-derivative –z ero crossing UV-Vis
spectrophotometric method. It is possible to
determine simultaneously the ternary mixtures of
Amox, Levo and Lanso at about 210 - 300 nm
wavelength in which all the absorption bands of
them overlapped on each other. Hence, in this
study, a ratio- derivative zero-crossing UV-Vis
spectrophotometric method was developed and
validated for the ternary mixtures of Amox, Levo
and Lanso.

Figure 2. Zero order UV-Vis absorption spectra of Amox, Levo
and Lanso at different concentrations (Solvent: H2O:MeOH,
50:50v/v)

Ratio - first order derivative - zero crossing UV-
Vis absorption spectra

Salinas et al. [34] applied the ratio-
derivative spectrophotometry to binary mixtures.
Then, Nevado et al. [35] developed the method
and applied to ternary mixtures by using first order
derivative of the ratio spectra of ternary mixtures.
They calculated the calibration curves at the zero
crossing wavelengths of the first order derivative
of the ratio spectra [35]. In ratio – first order
derivative – zero crossing method, after the ratio
spectra of two analytes to third one were obtained,
the two ratio spectra were derived. Any
wavelength of the maximums or minimums of one
analyte at the zero crossing wavelength of other
analyte were used for the calibration calculations.
To obtain many maximums or minimums are
possible and this is advantage of the method. The
aimed analyte can be determined selectively with
the ratio – first order derivative – zero crossing
method in case of presence of other matrix
compounds [36].

In this study, the spectra of the first and
second analytes were divided by the spectrum of
third analyte standard solution. It is possible to
obtain three new ratio spectra as 1) Amox/Levo
and Lanso/Levo, 2) Amox/Lanso and Levo/Lanso
and 3) Lanso/Amox and Levo/Amox. By dividing
these spectra, the ternary variant spectra were
reduced to binary variant spectra. Then, these ratio
spectra were derived and finally the calibration
curves as one variant were formed at zero crossing
points of second analyte. With the ratio – first
order derivative - zero crossing procedure, many
calibration points can be obtained for three
analytes. In this study, two new spectra group
were obtained as 1) Amox1-6/Levo6 and Lanso1-
6/Levo6, and 2) Lanso1-6/Amox6 and Levo1-
6/Amox6 by using the ratio – first order
derivative. Double divisors, Levo6 and Amox 6
standard solutions, were used in total. The
obtained ratio – first order derivative spectra are
given in Fig. 3 and Fig. 4. After ratio – first
derivative spectra were drawn, the zero crossing
points were obtained for third component. There
are more than one zero crossing points in the
obtained spectra to select a calibration point for
suitable component. The selected zero crossing
points were determined according to more
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absorbance distributions of the varying
component. So, the calibration curves of Amox,
Levo and Lanso were formed by using ratio – first
order derivative – zero crossing UV-Vis
spectrophotometric method.

Figure 3. Ratio –first derivative – zero crossing UV-Vis
absorption spectra of Amox1-6/Levo6 and Lanso1-6/Levo6

spectra ratios (Levo6: Levofloxacin 20 mg/L)

d(Lanso1-6/Amox6)/d

d(Levo1-6/Amox6)/d

Levo calibration, 219.4 nm

Figure 4. Ratio –first derivative – zero crossing UV-Vis
absorption spectra of Levo1-6/Amox6 and Lanso1-6/Amox6
spectra ratios (Amox6: Amoxicillin 40 mg/L)

Calibration curves

The calibration curve of Amox was
formed from the absorbance values at the
wavelength of 248.9 nm in Fig. 3, in which the
others have constant absorption values on these
spectra. The obtained calibration curve for Amox
is given in Fig. 5a. Similarly, the calibration curve
of Lanso as the second analyte was formed from
the absorbance values at the wavelength of 262.8
nm in Fig. 3. The calibration curve of Lanso is
given in Fig. 5b. As the third analyte, the
calibration curve of Levo was obtained from the
absorption values at the wavelength of 219.4 nm
in Fig. 4. The calibration curve of Levo is given in
Fig. 5c. The calibration and regression data for
Amox, Levo and Lanso were summarized in

Table 1. The limit of detection (LOD) and limit of
quantitation (LOQ) of the method were obtained
by standard deviation of response and slope
method. The LODs and LOQs were calculated by
using LOD = 3.3x(SD/S) and LOQ = 10 x (SD/S) 
equations, where ‘SD’ represents the standard
deviation of the response and ‘S’ is the slope of
the calibration curves. From the calibration
calculations of Amox, Levo and Lanso in their
ternary mixtures, good linearity with high
regression coefficients (R2: 0.9987, 0.9993 and
0.9996), and low LOD (1.03, 0.37 and 0.29 mg/L)
and low LOQ (3.42, 1.22 and 0.95 mg/L) values
were obtained for their working concentration
ranges. Table 2 shows the results of the accuracy
as recovery% and the precision as RSD% obtained
from the calibration measurements.

Figure 5. Calibration curves of a) Amox, b) Lanso and c) Levo

a

b

c
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Table 1. Calibration and regression data.

Analyte  (nm) Calibration equation R2 Range (mg/L) LOD (mg/L) LOQ (mg/L)

Amox 248.9 A = -0.0018CAmox – 0.0015 0.9987 3.42-40 1.03 3.42

Lanso 262.8 A = 0.0019CLanso – 0.0002 0.9993 1.22-15 0.37 1.22

Levo 219.4 A = 0.0025CLevo – 0.0005 0.9996 0.95-20 0.29 0.95

Table 2. Calibration measurements.

Added (mg/L) Found (mg/L) Recovery (%)
No

Amox Lanso Levo Amox Lanso Levo Amox Lanso Levo

C1 15 2.5 7.5 15.78 2.45 7.78 105.2 98.0 103.7

C2 20 5.0 10.0 19.95 5.09 9.91 99.8 101.8 99.1

C3 25 7.5 12.5 24.27 7.48 12.08 97.1 99.7 96.6

C4 30 10.0 15.0 29.46 10.04 15.06 98.2 100.4 100.4

C5 35 12.5 17.5 34.57 12.37 17.63 98.8 99.0 100.7

C6 40 15.0 20.0 40.97 15.07 20.05 102.4 100.5 100.3

Mean 100.25 99.90 100.13

SD 3.02 1.32 2.31

RSD% 3.01 1.32 2.31

(C: Calibration solution)

Validation of method

The applicability of the developed ratio –
first order derivative - zero crossing method for
the ternary mixture of Amox, Levo and Lanso was
tested in several synthetic mixtures of their
different proportions. The prepared synthetic 18
mixture samples were measured on the UV-Vis
spectrophotometer and the concentrations of the
drug analytes were calculated by using the
proposed method. The accuracy and precision of
the method were found for each analytes. The
results are given in Table 3. The accuracies were
found as the recoveries of 100.0%, 99.2% and
102.5%, and the precisions were as the RSD%
values of 1.37, 2.04 and 2.64 for Amox, Levo and
Lanso, respectively. In our previous work [4], the
ternary mixture analysis of Amox, Lanso and Levo
have been studied by using HPLC method. In this
study, the mixture of the same combination was
studied by ratio – first derivative – zero crossing
UV-Vis absorption spectrophotometric method. In
the validation measurements by using the HPLC
method, the recoveries were 104.1%, 98.3%, and
101.2% and the RSD% values were 3.91%, 2.55%
and 2.18% for Amox, Lanso and Levo,
respectively. These comparisons show that this
UV-Vis absorption method has relatively better
accuracy and precision values than the HPLC

method. As a result, the ratio- first order derivative
- zero crossing method can be applied to the
ternary mixtures of Amox, Levo and Lanso with
good accuracies and high precisions.

Analysis of pharmaceutical tablets

The proposed ratio – first order derivative
– zero crossing spectrophotometric method was
applied to the analyses of Amox, Levo and Lanso
in pharmaceutical tablets. Six samples solutions
were prepared by dissolving Largopen, Lansor and
Tavanic commercial drug tablets for Amox (25
mg/L), Lanso (7.5 mg/L) and Levo (12.5 mg/L).
After the dissolution of them, the final dilutions
were done by using MeOH:H2O (50:50v/v)
mixture solvent as similar to the calibration
solutions. The obtained analysis results of the
tablets are given in Table 4. Good accuracy and
precision values were found in the analyses of the
pharmaceutical tablets. The ratio – first order
derivative - zero crossing spectrometric method is
also suitable to prevent the interferences of the
matrices in drug tablets. The method is precise,
accurate and simple. Also, no separation step is
required [37, 38]. As a result, the ratio – first order
derivative - zero crossing spectrometric method
can be used in the analyses of the ternary mixtures
of Amox, Levo and Lanso.
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Table 3. Validation measurements.

Added (mg/L) Found (mg/L) Recovery (%)
No

Amox Lanso Levo Amox Lanso Levo Amox Lanso Levo

V1 40 7.5 12.5 40.38 7.71 13.02 101.0 102.8 104.1

V2 35 7.5 12.5 35.36 7.48 12.65 101.0 99.7 101.2

V3 30 7.5 12.5 30.97 7.80 13.00 103.2 104.0 104.0

V4 25 7.5 12.5 25.10 7.49 13.08 100.4 99.9 104.6

V5 20 7.5 12.5 20.25 7.68 13.13 101.3 102.4 105.0

V6 15 7.5 12.5 15.14 7.51 12.65 101.0 100.1 101.2

V7 25 7.5 20.0 24.88 7.51 20.49 99.5 100.1 102.4

V8 25 7.5 17.5 25.02 7.52 18.33 100.1 100.3 104.8

V9 25 7.5 15.0 25.45 7.39 15.18 101.8 98.5 101.2

V10 25 7.5 12.5 25.01 7.33 12.96 100.0 97.7 103.7

V11 25 7.5 10.0 24.66 7.37 10.36 98.6 98.3 103.6

V12 25 7.5 7.5 24.56 7.30 7.65 98.2 97.3 102.0

V13 25 15 12.5 24.71 15.17 12.99 98.8 101.1 104.0

V14 25 12.5 12.5 24.94 11.87 12.18 99.8 95.0 97.4

V15 25 10.0 12.5 24.68 9.67 12.96 98.7 96.7 103.7

V16 25 7.5 12.5 24.67 7.54 12.55 98.7 100.5 100.4

V17 25 5.0 12.5 24.65 4.72 12.62 98.6 94.4 100.9

V18 25 2.5 12.5 24.67 2.41 12.50 98.7 96.2 100.0

Mean values 100.0 99.2 102.5

SD 1.37 2.64 2.04

RSD% 1.37 2.67 1.99

(V: Validation solution)

Table 4. Analyses of commercial pharmaceuticals.

Added (mg/L) Found (mg/L) Recovery

No Amox Lanso Levo Amox Lanso Levo Amox Lanso Levo

T1 25 7.5 12.5 24.72 7.36 12.72 988.8 29.4 508.9

T2 25 7.5 12.5 24.63 7.90 13.05 985.0 31.6 521.9

T3 25 7.5 12.5 24.84 7.09 12.91 993.5 28.4 516.4

T4 25 7.5 12.5 24.69 7.48 13.02 987.6 29.9 520.7

T5 25 7.5 12.5 24.65 7.03 12.53 986.0 28.1 501.1

T6 25 7.5 12.5 24.68 7.36 13.04 987.4 29.4 521.7

Mean 988.0 29.5 515.1

SD 2.97 1.24 8.45

RSD% 0.30 4.22 1.64

SE 0.94 0.39 2.67

CL (0.05) 1.84 0.77 5.24

t test 0.0087 0.8117 0.6545

t critical 2.5706 2.5706 2.5706

F test 0.0063 1.1184 0.3792

F critical 0.1980 5.0503 0.1980

(T: Tablet solution, n=3) (Amox: 1000 mg/tablet, Lanso: 30 mg/tablet, levo: 500 mg/tablet; t and F tests were calculated based on previous HPLC

method values [4]).
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Comparing with the studies in the literature

It has not been reached to a study about
the combination of Amox, Levo and Lanso about
simultaneous determination by using any UV-Vis
absorption spectrophotometric method. However,
in the literature, there are studies about
simultaneous determinations of Amox, Levo or
Lanso with other drug reagents with UV-Vis
absorption spectrophotometry. Some examples of
the studies published in the literature about

simultaneous determination in binary of ternary
mixtures of Amox, Levo and Lanso with UV-Vis
absorption spectroscopic methods are given in
Table 5. First order and second order derivative,
ratio - first order derivative - zero crossing UV-Vis
absorption spectroscopic methods have been used
in binary or ternary mixtures. The ternary mixtures
are within limited numbers, although the binary
mixtures have been studied extensively in the
literature.

Table 5. Some simultaneous analyses of binary or ternary mixtures including Amox, Lanso and Levo with UV-Vis spectrophotometric
methods.

Mixture Method Conditions Reference

Binary: Amoxicillin (Amox)
and Phenylephrine
hydrochloride (Phe).

First and second order derivation of
ratio spectra UV-Vis
spectrophotometric methods

Wavelengths: 228, 258, 238, 277 nm (Phe); 226,
241 nm (Amox). Conc. ranges: 2-150 mg/L (Phe); 2-
240 mg/L (Amox). Solvent: Water

[39]

Binary: Amoxicillin (Amox)
and Clavulanate (Cla)

Ratio- first order derivative UV –Vis
spectrophotometric methods

Wavelengths: 283.3 nm (Amox); 287.9 nm (Cla).
Conc. ranges : 100.0 – 160.0 µg/mL (Amox); 10.0
– 35.0 µg/mL (Cla). Solvent: Water

[40]

Ternary: Omeprazole
(Ome), Lansoprazole
(Lanso) and Pantoprazole
(Pan)

Second derivative (I), Orthogonal
functions (II), and difference (ΔA) 
(III) UV –Vis spectrophotometric
methods

Wavelengths: 306.2 nm (Ome); 292.4 nm (Lanso);
295.4 nm (Pan) (I); 306 nm (Ome), 293 nm
(Lanso); nm 295 nm (Pan) (II); 256, 280 nm
(Ome), 254, 250 nm (Lanso), 254, 256, 250 nm
(Pan) (III). Conc. ranges: 0.5-3.5 µg/mL
Solvent: 0.1 M sodium hydroxide

[41]

Lansoprazole (Lanso), and
Aspirin (Asp)

First order derivative UV– Vis
spectrophotometric method

Wavelengths: 232 nm (Lanso), 222 nm (Asp).
Conc. ranges: 4–20 μg/mL Solvent: Methanol

[42]

Binary: Levofloxacin
hemihydrate (Levo) and
ambroxol hydrochloride
(Abh)

First order derivative - zero
crossing UV –Vis spectrophotometric
method

Wavelengths: 255.7 nm (Abh); 353 nm (Levo).
Conc. ranges: 5-40 µg/mL (Levo); 3-10.5 µg/mL
(Abh). Solvent: 0.1N urea

[43]

Binary: Azithromycin (Azi),
and Levofloxacin (Levo)

Multicomponent mode analysis (I),
absorbance ratio (II), and partial least
square calibration (III) methods

Wavelengths: 245.0 nm (Azi) , 290.0 nm (Levo)
(I); 245.0 nm (Azi) 209.60 nm (Levo) (II); 200–350
nm (II). Conc. ranges: 20–100 µg/mL (I and II); 2–
10 µg/mL (III). Solvent: 0.1 N HCl

[44]

Ternary:
Amoxicillin (Amox),
Lansoprazole (Lanso),
Levofloxacin (Levo)

Ratio - first order derivative - zero
crossing UV-Vis spectrophotometric
method

Wavelengths: 248.9 nm (Amox); 262.8 nm
(Lanso); 219.4 nm (Levo). Conc. ranges: 3.42 - 40
mg/L (Amox); 1.22 - 15.0 mg/L (Lanso); 0.95 - 20.0
mg/L (Levo). Solvent: MeOH:H2O (50:50 v/v)

This study
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Conclusion

In the present work, a ratio – first order
derivative - zero crossing UV-Vis Spectrophoto-
metric method has been developed and validated
for the determination of amoxicillin, lansoprazole
and levofloxacin in pharmaceuticals. The results
showed that amoxicillin, lansoprazole and
levofloxacin could be determined successfully and
simultaneously. The proposed method does not
require any prior separation step. The ratio – first
order derivative - zero crossing UV-Vis spectro-
photometric method can be used for the ternary
mixtures of amoxicillin, lansoprazole and
levofloxacin with good accuracy and precision in
the synthetic mixtures or in the pharmaceutical
dosage forms of them.
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